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Abstract—Emerging evidence indicates that trophic interactions that influence brain development are 
critical throughout life, mediating processes as diverse as learning, memory and regrowth after injury. This 
review summarizes recent work suggesting that impulse activity regulates trophic interactions in the brain, 
allowing the conversion of millisecond-to-millisecond signalling into long-term changes in neural circuit 
function. For example, depolarizing stimuli regulate trophic factor gene expression, an effect mediated by 
excitatory’ transmitters. Responsiveness to trophic factors is also regulated by activity, since depolarization 
increases the expression of trophic recepior genes. Moreover, different excitatory transmitter receptor 
subtypes mediate trophic or regressive effects, all owing a neural system to precisely memorialize excitatory 
or inhibitory’ experiences. A number of open questions are articulated to define potential future directions. 
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Developmental neuroscience has emerged as a discrete discipline, in and of itself, but has also had 
a major impact on the broad parent field of neuroscience. The growing realization that mechanisms 
underlying developmental plasticity also potentially play roles in plastic processes throughout life 
has led to renewed interest in ontogeny itself. For example, processes as diverse as learning, memory 
and regrowth after injury may be mediated by cellular and molecular mechanisms that also govern 
normal development of the nervous system. Commonality of mechanisms is exemplified by the 
increasing appreciation of the multiple, critical functions subserved by brain growth and survival 
(trophic) factors. 

While growth and survival factors have been the focus of interest in developmental biology for 
decades, their pivotal roles throughout life have only recently been appreciated. Yet growth factors 
appear to occupy a central functional niche, potentially integrating experience, impulse activity, 
synaptic circuit formation (and modification) and neural pathway architecture during maturity as 
well as development. Moreover, orthodox distinctions among growth factors, trophic factors and 
neurotransmitters are now dissolving. To begin setting the context for these new views, it may be 
helpful to review salient characteristics of the now-classical agent, nerve growth factor (NGF). 

The pioneering studies of Levi-Montalcini. Cohen and Hamburger established that NGF is 
required for the survival and normal development of peripheral sensory and sympathetic 
neurons . 7 ' 8 * 34 —- 36 However, these early experiments indicated that, in addition to survival. NGF 
exerts other effects, which could potentially play roles in contexts different from development. For 
example, the factor elicits neurite outgrowth, and targets treated with NGF become innervated by 
increased numbers of terminals of responsive neurons . 34 - 40 These studies clearly imply that NGF 
plays a role in circuit formation, at least during development. 

The foregoing observations are complemented by Hendry's seminal demonstration that target 
NGF is transported trom innervated target to innervating nerve terminals to distant perikarya in a 
retrograde fashion .-'- 4 — 5 ~ 6 Consequently. NGF may act as a messenger mediating retrograde 
communication ot information from a visceral target to an innervating neuron in the peripheral 
nervous system. Since the density of target innervation correlates with the concentration of target 
NGF mRNA (messenger RNA ).- >1 the elaboration of trophic factor by targets may regulate the 
architecture of the pathway, and communication between afferent neurons and particular targets. 

The discovery', in the last decade, that trophic factors are elaborated in the brain, enhanced 
interest in mechanisms o! action and regulation. Specifically, the observation that NGF regulates 
the function of basal forebram cholincriuc neurons . 30 —*-~- 33 - 4 — 43 and the L>calization of NGF to 
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